This research was performed in order to improve the goodness of fit of paddy rice production forecasting using MODIS images and to find out appropriate explanatory variables in the forecasting model. The aim of this paper is to review the use of satellite images for the survey of paddy rice production in Korea. Many developed countries, including the United States, Australia, and Japan, have been using satellite images to produce agricultural statistics such as crop production, cultivated acreage, etc. The survey accuracy of crop production by using satellite images, however, is not satisfied in practical use. In this paper, we reviewed several methods to increase the survey accuracy of rice production statistics, gained from satellite images. Rice was selected for this study because its cultivated area and production amount could be more easily identified than other crops by using satellite images. The MODIS images were used because they involved more appropriate images to estimate and analyze rice production. This study estimated yield functions by using the NDVIs, gained from paddy rice yields and annual average isothermal lines, and the meteorological variables such as sunshine hours, rainfall, and temperature during ripening stage. As a result of yield function estimation, the goodness of fit(R-squared) for the models was shown from 0.768 to 0.891. In this study, it is noteworthy academically and practically that vegetation index(NDVIs) identified by annual average isothermal lines and meteorological variables are very useful for estimating yield functions. 
Introduction
Developed countries, such as the United States, Japan, etc, have been using satellite images for investigating crop cultivated area and crop production because a wide range of area can be easily analyzed within a short time.
In Korea, satellite images have been applied to various fields since high resolution satellite images, obtained from In Korea, studies about the estimation of cultivated areas or production areas by using satellite images have been fulfilled [2, 4, 6, 7] . However, it seemed the investigation of crop production was performed only by Hong et al. [3, 5] . Hong et al. [3] 
MODIS Images Collection and NDVIs Calculation
The purpose of this study is to calculate NDVIs of paddy rice by using MODIS images and to develop a forecasting model of paddy rice yield through the NDVIs. 
The resulted range of NDVI calculation through MODIS images were from -1 to 1, but only the range of between 0 and 1 was used because the objective plant was paddy rice in this study.
[Fig. 2] Data Preprocessing of MODIS Images
In this study, NDVIs of paddy rice area for administrative boundaries were calculated, and then the average NDVI for cities and counties was used. This study did not include any vegetation index which was not significant due to cloud volume and so on; so, the satellite images only from 2008 to 2009 were used.
Correlation Analysis between Paddy Rice Yield and NDVI
Prior to specification of a paddy rice yield model, the correlation analysis between paddy rice yields and NDVIs Metropolican City, Ulsan Metropolitan City, and Jeju Special Self-Governing Province.
As shown in the Table 1 , the range of correlation coefficients between paddy rice yields and nationwide
NDVIs are from 0.04 to 0.39 or below 0.
[ Then, the NDVI for each province was revised, and the correlation between a local paddy rice yield and a corresponding NDVI was reviewed.
As indicated in the Table 2 , the resulted coefficients among provinces were higher than the nationwide but still low.
The regions with higher correlation coefficients appeared on isothermal lines; as a result, the correlation coefficients in this study were reviewed by calculating NDVIs for each isothermal line.
[ cities and counties in Gangwon Province.
[ As mentioned in the Table 3 , the correlation coefficients between paddy rice yields and NDVIs, based on annual average isothermal lines, were shown higher than the results in other methods. The negative coefficients could be turned out due to the size difference between actual area and sampling area for calculating vegetation indices.
Development to Paddy Rice Yield Forecasting Model
Based on the examined results so far, paddy rice area was divided into 5 groups by annual average isothermal lines, and the yield forecasting model for paddy rice was developed as follows.
Here, Y is the paddy rice yield data, presented by Korea National Statistical Office, and NDVI is the average of cities and counties from MODIS images.
SUNH is the cumulative sunshine hours, which are the This study applied the data in 2009 to the yield function, which was the equation 2, and applied to group 1, 2, and 3. The group 4 and 5 were not included due to the small number of observations.
[ log-log log-log log-log NOTE: ***, **, and * are 1%, 5%, and 10% level of significance, respectively.
As shown in the Table 4 , the goodness of fit for the yield model, ranged from 0.768 to 0.891, was relatively high. Hong et al. (2012) reported that the R-squared among paddy rice yields, NDVIs, and sunshine hours, was 0.70 and that the R-squared among paddy rice yields, NDVIs, and rainfalls, was 0.82. In their researches, the reason for the high R-squared values might be because they calculated regional NDVIs on the basis of isothermal lines, and because they used a log-log functional form.
As mentioned in the estimation results, NDVIs for all models were significant under 1% level of significance; thus, the use of satellite images is useful for estimating yield functions. Also, the meteorological variables such as sunshine hours and rainfall during the paddy rice ripening stage were significant under 5% and 10% levels of significance, respectively. In our research, it was resulted that the introduction of meteorological variables could improve the goodness of fit for models. Therefore, in order to estimate more appropriate yield models, more accurate vegetation indices and meteorological variables should be made up.
Conclusion
This study was performed in order to improve the goodness of fit and predictability for a paddy rice yield model and to find appropriate explanatory variables.
In this research, NDVIs were calculated from MODIS images, and the images were provided by the Satellites, 
